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‘I. INTRODUCTION

.Study of the environmenta]dconsequenCes pf the use of the MNew Haven
Dump Site for the dispesal of.dredge‘spoi1 began in May 1972. Baseline
observations of relevant physical, chemical and biological factors continued
until spoi1:disposa1 operations started in October of 1973 (see appended

list of reports issued). This report deals with the physica1 processes

which result in dispersion of spoil during dredging and dumping, and with

subsequent erosion of spoil from the dump site. The objective of the study

is two-fold: to monitor the actual dredging and'dumpinq operations so as

'to determine their effect on the local marine environment and to search

" for generalizations which will allow the results to be used in assessing

other sites and alternate procedures;

During the dredging operation in New Haven Harber, observations of
the amount Of'materia] escaping'from the dredge into the surrounding water
were made. These define the efficiency of the dredqe and the siltation in

surroundinq waters re1ative'to that due to natural causes. The processes

_by which spoil is transported to the bottom dur1nq dumpang and the accuracy

'to wh1ch 1t can be placed at a: designated p01nt were. determxned quant1tat1ve1y |

Bathymetr1c surveys “have. been used to define the p1acement of spo11 on
comp1et1on of dumping and the subsequent chanqes in s1ze and shape of the
spoil p11e. ‘Additional 1nformat1on on the 1nterna1 structure of the spo11

pi?e and the eros1on of material from 1t 1s obta1ned from exam1nat1on of

..cores. Current meter measurements def1ne the chanqe 1n the hydrau11c f1ow

reqime through the dump 51te due: to’ the presence of the spoi1 px]e.;,Th 3

- results show that good accuracy can be atta1ned in spoil placement and that

‘to within the 1imits of accuracy of measurement, all qf'the spoil dumped
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can be avueuntad fof @*'ﬁhe dump site. Modification of the point dumping

~ procedure so as to achieve a more lictfarm distribution of spoil over the

~ -

’5//////// dump site and to avoid building the spoil pile high into the water column

$ e

is recommended for futwre dispesal operations in similar situations.
II. 'DREDGE AND DUMP QPERATIONS

The Tocation of the MNew Haven dump site is shown in Fig.II-1. The
- center of the designated disposal area is marked by buoy "D". The northwest
control site, "NNC",-and the south control site, "SC", also marked by buoys,
were origina11y estab¥ished as biological sampling stations. The south
control site buoy is wsed as a calibration point for bathymetric surveys.
Buoys “J" and "K" are wsed for Tocal navigation at the dump site; the track
J-D-K is frequently used for bathymetric profiles and the collection of
(. core sampTes. L |
During the study period material taken from Gu11ford Harbor and from
- several projects in New Haven Harbor was being deposited on thg New Haven
qump site. The*ﬁateria]tfrom New Haven Harbor included spoil from the main_'
channel.dreﬂgiOQQ fram_the.cohstructiOn df‘the Cbké Works poweh-sfétion of .

the United’t%luminéting'Co;;-and frbmJSeVeral5ship berths. Reéords of ‘the

source, character, and quantity of mater1a1 dredqed and of the actua1 dump o

locations, were kept hy the dredg1ng contractors and Corps of Enq1neers

1nspectors. o ‘; _f' . ;'”‘ "‘ B | S

” A]] of these data are assemb1ed 1n Table II 1; they show the sequence
' and rate at:wh1ch spozi was p]aced on’ the dump 51te. In us1ng this table h

]- ;f . the Iimitatmons of the nr1g1na1 data shou1d be kept in mind: The spp11 -

S e
.r—“ :

\ . .

-volumes are those estimated by-the dredqe‘operators while the classification = =@ =
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.1973
Oct. 4

Oct, 6
Oct, 7
e, 8

Oct. 10 |

oct. 11

Det, 12

det, 13
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Jet, 15;
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Dredge #

cc
cC
50
50
cc

50,

cC

cc
50
cC

50
ceC

50
cc

50

50

cC

Dredgé Site

Guil. H,
Guil, H. -

New Haven |

ﬂew_Haven

Guil. H.
" New Haven
CGuil.

New Haven

Guil.,

New Haven

'Guil.
'-‘Hew Haven

 Guil.

Mew Haven
Guil,

Mew Haven

Mew Haven

'_ cuil,

"~ Contract

0167
0167

- Uan

u.l.

0167

UL

0167
v.1.
- 0167

u.1.
0167
V.1

0167

u.I.

0167

U1
I

- 0167

- Tab®

11-1

NEYW HﬂVEKi UMP SCHEDULE

Amount

- "Mud-Sitt"
cu yards '

393

737
11,175
10,250
616

9,650 .

1,074

11,550
647
6,650
737

12,700

841

-~

1,026

987

Tota]

393

1,130

12,305
22,555
23,171

32,821

33,895
45,445
46,092
52,742
53,479

66,179

67,020

68,046

69,033

Amount
mixed mud
Sand, clay

stones, rocks
cu yards

299
180

154

189

- 114

39

a5

ot 5,650

114
5,750
5,600
174

Tota1

299
479

633
82
936
975
1,020
6,670

6,784
12,534

18,134
- 18,308

(

-

Total Material
cu vards

692
1,609 -
12,784

23,804
34,717
47,028
54,454
68,040
73,690

74,830

80,580

87,341



Dr?f-e #  Dredge Site Contract Amount . - Total cu yards total =~ to..] material

cu yards ( L mixed mud ( '+ oyards
"Mud Si1t" ~ Sand, clay oo
stones, rocks | / '

t. 16 50 - New Haven TR AT | 6,450 24,758 93,791

cc . Guil o167 553 69,586 98 24,856 94,442

t. lf 50 ‘. New Haven u.1. f o 69,586 6,000 30,856 100,442

t. 18 50 New Haven . U.L. 69586 - 5,000 35,956 105,542
cc il 0167 762 70,388 . 88 36,084 - 106,392
:t;.19 50 New Haven .'U.I. ‘ | | 70,348 - 6,600 42,644 - 112,§§é' E

| ce ~ Guil K. o167 843 71,191 04 -42,738 . 113,929

t, 20 50 - - New Haven =~ *  U.I. o 71,191 5,400 | 48,138 119,329

e o wil 0167 81 71,842 115 48,253 120,005

t. 21 50 o Neﬁ.ﬁaven  . u. 1. o ‘ | . 71,842 . 3,850 - 52,103 | 123,945

t.22 50 MNewHaven U.I. - 71882 2.500 54,603 126,445

t.23 50 :.  New Haven N.H.C. | 71,842 3,600 58,203 130,045

e il | 0167 | 570 72,812 58,203 130,615

t. 28 50 MNewHaven . N.H.C. 7412 3,060 - 61,253 133,665
cc  Guil H, ?. 0167 . 814 73,226 ';- 61,253 134,479
:t. 25 . 50 , New Haven N.H.C.' o | | 73,226 . 3,600 64,853 138,079 é
Cec GuilH . 0167 1,238 70,864 | 64,853 139,317

:t,izs' 50 MewHaven  N.MH.C. B | 78,464 4,000 68,953 143,417

J 50 MNew Haven UL : - 74,464 500 69,453 143,917

.27 . ce - Guil Ho o o167 812 75,276 43 69,496 144,772



Dr. ;e # * Dredge Site Contract Amount .~ . Total ~cu yards | Total  to.al material
( | , cu yards( mixed mud - ( cu yards

"Mud” Si1t" : Sand, clay
X stones, rocks

et. 28
let. 29 - _
©t30  ce o GuilH. 0167 =~ 658 75,934 . 35 ) 69,531 . 185,465
et. 31 cc - Guil H. 0167 488 76,422 _ 69,531 145,953
ov. 1 . cc . Guil H. 0167 350 o 76,772 69,531 146,303
lov. 2 - ' N ' | |
lév. 3 ,
ov. 4 | | _
ov. 5 cc  Guil H, o167  nm 78,483 69,531 148,014
ov. 6 ce Guil qt | 0167 904 o 79,387 - 69,531 148,918
ov. 7 ¢ GuilH. o7 s 79,0 69,531 149,455
ov. 8 cc ' Guil H 0167 376 80,300 ) . 69,531 . 149,831
ov. 9 ec’ 3 CGuil H. - 0167 - 904 81,204 | 69,531 | ‘150,735
ov. 10 e Guil . 0167 v 816 82,000 ; o 69,531 151,551
ov. 11 ' | ;
ov. 12 50 New Haven  N.H.C. 82,020 2,600 C72,031 156,151

cc Guil H. 0167 1,658 83,678 _ | ? 72,131 155,809
v. 13 50 New Haven NH.C. , | . 83,678 4,750 76,881 - 160,559 -

cc Guil H. 0167 ©ea1 84,619 . 76,381 161,500



v.16

v. 17
v. 18

v. 19 -

v. 20

v. 21
V. 22

t. 25
1. 26
27

Dre e #

50
-€C
50
~ce
50
- 50
50
50
50
50
50
50
- 50
50
50
50
50
52

50

.52

Dredge Site

New Haven
Guil H.
New Haven

Guil H.

- New Haven

~ _New Haven

New Haven

New Haven

New Haven

New Haven
New Haveh
New Haven
New Haven
New HaQen
New Haven
New Haven
New Haven

New Haven

New Haven

New Haven

Contract Amount .
s,

NH.Coo

0167 - 1,857

NHCO |

0167 ) 1,006

N.H.C.

N.H.C.

N.H.C.

N.H.C.

N.H.C.

N.H.C.

N.H.C.

N.H.C.

N.H.C.

N.H.C. 7,200

N.H.C. 3,930

N.H.C. 4,000
N.H.C. 6,300
11323

U.1.

N.H.C. 4,400

u.I.

Total

84,619

" 86,476 -

86,476
87,482
87,482
87,482
87,482
87,482

87,482

87,482

87,482

87,482
87,482
94,682

98,612

102,612
108,912
108,912

113,312
113,312

~ cu yards
mixed mud
Sand, clay

. stones, rocks

4,400
. 3,600

2,300

5,800

- 6,900

3,850

- 300

- 5,250
9,000

4,750

1,900

2,620
3,200
8,300

1,100
5,600

A o
Towal material

Total
(' ‘1 yards
81,281 165,900.
81,281 167,757
84,881 171,357
84,381 172,363
. 87,181 174,663
92,981 180,463
99,881 187,363
103,731 191,213
104,031 191,513
109,281 196,763
118,281 205,763
123,031 210,513
124,031 212,613
124,931 . 219,613
127,551 226,163
130,751 233,363
130,751 239,663
139,951 247,963
140,151 253,463
143,751

259,063



n. 10
n il

n. 12

n. 16

'Dref-* #

50
52

ce

50
52

e
50

52

50

52

50 .

52

ee

50
52

52

cc

52

52

e

Dredge Site

New Haven

New Haven '

auil, H,

‘ .New Haven

New Haven
Guil, H,
New Haven

New Haven

- New Haven
. New Hafen
~ New Haven

" New Haven

Guil, H.
New Haven
New Haven

New Haven

New Haven
Guil. H.

- New Haven

New Haven

TR Y

Contract

NUHQCD
11261

0167

N.H.C,
11261

067

N.H.C.
11261

 N.H.C.
11261

N.H.C.
11261
0167

-~ N.H.C.

11261
N.H.C.
11261
0167

11261

(610,620)
11261

nie7

Amount
Ccu yards
"Mud SiTt"

12,450

130
11,400

- 309
9,400
© 7,900
11,750
11,100
11,750
11,800
656
10,750
11,200
2,000
9,750
500

12,400

14,100_

60

(

Total

583,744

583,744
583,874
595,274

595,274

595,583
604,983
612,883
624,633
635,733
647,483
659,283
659,939
670,689

681,889

683,889
693,639

694,139
706,539

720,639

A Na i

cu yards
mixed mud
Sand, clay
stones, rocks

4,700
737

L]

6,100
721

73

60

. Tdfa1

251,511

256,211
256,948
256,948
263,048

263,769

263,769
273,769
263,769
263,769
263,769
263,769
263,842
263,842
263,842
263,842
263,842
263,902
263,902

263,902

acn A

Tora! material
yards

835,255
839,955
840,822
852,222
858,322
859,362 |
858,752 .
876,652
838,02
899,502
9;1,}52'
923.052
923,781
934,531
945,731
€47,731
957,481
958,041

; 970,441

984,541

Yol Yal]



1974

an, 1

an, 2

an. 3

an. 4

an 5

ore e #

50
52

52
cc -
50
52
cC
50
52
cc
50
52
cC
50
52
50
2

cc

Oredge Site

New Haven

New Haven

New Haven

- New Haven

Guil. H,

§ .
New Haven

~ New Haven .

Suil. H,

New Hagéh o
~New Haven ™

* Guil. H.

New Haven

. New Haven |
Guil, H.

New Haven -
New Haven
New Haven .
New Haven .

qu]. H.

Contract

- N.H.C.
- 11261

N.H.C.
11261

0167
N‘H.!C. .

11261
0167

) N.H.c.

N.H.C.
0167
N.H.C.
11261

0167

N.H.C.,
11261
N.H.C.
11261

0167

“Amount

cu yards (
"Mud Siit"

8,950
8,200
4,950

325
5,000
7,725
258
7,250
9,400

302
12,700
8,250
200
11,600

11,250

150

Total

483,734
491,934
496,884

496,884

497,209
502,209
509,934
510,192
517,442
526,842
527,144

539,804

548,094
548,294
559,894
559,894
571,144

571,144
671,294

cu yards
mixed mud
Sand, clay

stones, rocks

10,900
488

386

452

- 579
6,700

3,900
850

Total

227,256

227,256

227,256
238,156

238,644
238,644
238,644

239,030

239,030
239,030
239,482
239,482
239,482
240,061
240,061
246,761
246,761
250,661

251,511

—

Te 1 material
( ‘u yards

710,990

- 719,19C

724,140
735,040
735,853
740,853
748,578
749,222
756,472
765,872
766,626
779,326
787,576

788,355

799,955
806,655
817,905
821,805~
822,805



(
52
| ce
dec. 24 50
52
e, 25 :
Jec." 26 50
52
lec.. 27 .50
lec, 28 50
52
cC
lec. 29 .50
52
cC
ec. 30 - 50
52
; cc
ec. /31 50
Y, 52
o s or———. e

Dré;;e #

Dredge Site

New Haven
3ufl, H.

New Haven

~ New Haven

New Haven

New Haven

New Haven' |

~ Hew Haven

ilew Haven
Hew Haven
Guil. H.
llew Haven
[lew Haven
Guil, H.

llew Haven

" Hew Haven -

Guil. H.
Hew Haven

Hew Haven

Contfact '

11261
0167

2 NaHuCo

11261

- N.H.C.

11261

'N.H-Co

11261
N.H.C.
11261
0167
N.H.C.
11261 -
0167
N.H.C.
11261
0167

NoH.C. o

11261

Amount

- cu yards(
"Mud SiTth

10,800
34
1,000
1,500

550
2,800
6,900

350
9,500

32
4,000

23

30
7,200

1,000 ~

" Total

439,865

439,899
440,899

442,399

442,999
445,749

452,649
452,999

462,499
462,499

462,531

466,531
466,531
466,554
466,554

466,554

466,584
473,784
474,784

cu yards

- mixed wmud

Sand, clay

* stones, rocks

304

4,550

6,350
610

6,450
443
5,600

5,500
570

3,700

Total -

/
193,179

193,483
¥

193,183

193,483

193,483

193,753
193,483
198,0;33
198,733

204,383 .

204,993
204,993
211,443
211,386
217,486
222,986

223,556
223,556
227,256 .

To . material
: (' cu yards

633,040
. /

633,385//

634,382 -
635;§%2 |

636,432
627,232

" 646,132

651,032
660,532
656,882
657,524
671,524
677,974
678,440
634,040
689,540
630,140
697,340 -
702,040



Di _ige # Amount . . Total "Total

Dredge Site" Contract cu yards T al material
“cu yafd ] mixed mud (’ cu yards
Mud Silt Sand, clay -
) ' stones, rocks
Dec. 15 50 New Haven N.H.C. 13,500 321,196 | . 187,095 508,201
| 52. New Haven 11261 10,150 331,346 187,095 518,441
e Guil, H. 0167 133 331,479 , 200 187,295 518,774
Dec. 16 50.  MHew Haven NJH.C. 10,100 341,579 187,295 528,874
52 New Haven 11261 19,350 350,929 187,295 | 538,224
Pas," 17 50 New Haven N.H.C. 4,450 355,379 187,295 542,674
52 Hew Haven 11261 355,379 3,000 190,295 525,674
Dec. 18. . 50 sew Haven ‘N.H.C. 9,000 364,379 190,295 554,674
8 New Haven 11261 8,250 -~ 372,629 190,295 562,924
Dec. 19 ;' 50 _Néw Haven N.H.C. 3,700 -376,329 190,295 866,624
82 New Haven 11261 11,000 387,329 190,295 577,624
Dec. 20 50 ~ New Haven N.H.C. 6,150 393,479 190,295 583,774
52 Mew Haven 11261 4,700 398,179 2,000 192,295 590,474
e Guil. H. 0167 220 398,399 512 192,807 591,206
Dec. 21 - 50 New Haven NH.C. 7,600 405,999 192,807 -+ 598,806
| 52 New Haven 11261 4,250 410,249 192,807 603,056
Dec. 22 . 50 Hew Haven N.H.C. . | 7,100 417,349 192,807 610,156
| i | 52 ‘New Haven 11261 3,000 420,349 192,807 613,156
J ce Guil. H. 0167 66 - 420,415 372 193,179 613,504 -
Dec. 23 50 . Hew Haven 8,650 429,065 193,179 622,244

N.H.C.



o Poamin?

L.;dge-# " Dredge.Site Contract - Amount'.l‘ Total cu yards ' Totai . tal materia’

( , _ i “ﬁﬁdygw .u' N gixed mud ( cu yards
Ve and, clay :
. S , ' _ o stones, rocks
B Dec. 8 ' 50  " MNew Haven N.H.C. 3,750 210,493 . ; 173,606 334,099
| 52 New Haven N.H.C. 5,500 215,993 173,606 389,599
cc Guil. H. 0167 1,226 217,219 , 173,606 390,825
. pec, 9 50  New Haven MH.C. 4,350 221,569 173,606 395,175
5 New Haven NH.C. 3,650 225,219 | 173,606 398,825
Dec, 10 50 MNewHaven  N.H.C. 1,180 236,369 173,606 409,975
‘ © 52 NewMHaven NG 9,500 245,869 | | 173,665 " 419,475
| , ' (11261) o ‘ ' g
e Guil.H o7 1,328 247,193 | 173,606 420,799
 'Dec, 1; . 50 rﬂ New Haven | N.H.C.- 8,3004‘. 255,493 . | 173,606 ”429,099 :
o 52 New Haven 11261 9,700 ' 265,193 | 173,606 438,799
c  Guil. K. 0167 715 . 265,908 o 173,606 439,514
" Dec. 12 50 New Haven NH.C. 10,900 276,808 173,606 450,014
52 Mew Haven 11261 1 ; 276,808 . 8,250 181,856 258,664
cc  Guil. H. 0167 6% 277,504 78 181,934 459,438
Dec. 13 50 “NewHaven  N.MC. . 6,900 284,404 -+ 181,934 466,338
=2 New Haven 11261 284,804 4,300 186,234 470,638
l cc . Guil. H. 0167 685 285,089 156 186,690 471,779
Dec. 114 50 . MNewHaven  NMH.C. . 12,000 297,089 | 186,690 463,779 |
'// B2 © New Haven 11261 10,000 . 307,089 o 186,690 493,?7§ |

cc Guil, H. 0167 . . 607 307,696 - 405 187,095 . 494,791




, -; ' gﬁ;dge #

Nov. 29

Nov.‘30

Dec. 1

Dec., 2

Dec. 3.

Dec. 4'

Dec. 5 |

Dec. 6

Dec.I7

50
52
50
52

50

52
50
52
50
52
50

50
52

50

52
cc .

50

52

ﬂredge Site

New Haven

New Haven

- New Haven

~ New Haven

New Haven

“New Haven
. New Haven
.;New Hayen-

‘New Haven

New Haven

New Haven

. New Haven
New Haven .
"New Haven

New Haven

New Haven
Guil. H.
New.Haven

New Haven

Contract_

N.H.C.
Ul 11323
NoH;C.

B SO
N.H.C.

u.1.
N.H.C.

. U‘I.
- N.H.C.

u.1.
N.HLC.
NH.C.o
N.H.C.
N.H.C.

N.H.C.

N.H.C,
0167

NH.CL

N.H.C.

L.

Amount . .

cy yar
"Mud Si$;“

2,450

5,950
5,300
10,100

8,400

8,600 ~
600
8,050
3,800
7,000
5,900
" 6,750
8,550
981

11,000

Tofa1

115,762
115,762
121,712
127,012
137,112
137,112
145,512
145,512

154,112

154,712

162,762

166,562
173,562
179,462
186,212

104,762
195,743

206,743

206,743

cu yards
mixed mud
Sand, clay

stones, rocks

1,005
6,400

3,800
4,050
2,200

2,600

7,800

© Total

145,756
153,156

163,156

153,156

153,156
166,956
156,956

161,006

161,006
163,206
163,206
165,806
165,806
165,806
165,806
165,806
165,806

165,806

173,606

(

.al material

Cu yards

262,518
268,918
274,868
280,163
290,263
204,068
302,468
306,518
315,118
317,918
325,968
332,368
' 339,368
345,268
352,018
360,568
361,549
372,549
380,349



Or .ge # = Dredge Site . Contract Amount ‘/““ Total cu yards “Total 4 al materiai
( ' : ' cu yard mixed mud : ( o yards

"Mud Silt” : Sand, clay
' . stones, rocks
Jan. 17 50':: .. New Haven N.H.C. - . 4,150 725,257 263,054 989,211
52 New Haven 11261 9,650 734,907 263,054 = 997,561
cc Guil. H.  ° 0167 © - 608 735,358 . 68 264,022 999,380
Jan. 18 . 50 NewHaven - N.M.C. 4,100 - 739,615 264,022 1,003,637
52 Hew Haven 11261 12,900 752,515 | 260,022 1,016,537
cc . Guil.H. . 0167 597 753,112 66 264,088 1,017,200
Jan. 19 50 New Haven  N.H.C. 7,500 . 760,612 264,088 " 1,024,700
R 52 New Haven 1261 11,900 772,512 . 264,088 1,036,600
Jan. 20 50 New Haven = N.H.C. - 5,500 778,012 264,088 1,042,100
| 52 . few Haven™ 126l 14,200 792,212 o 264,088 1,056,300
Jén;‘al - 50 New Haven ~ N.H.C. 6,300 798,512 | 264,088 | 1,062,600
o 52 NewHaven . 11261 6,000 804,512 3,850 267,938 1,072,450
dan. 22 . 50 New Haven N.H.C. 10,250 814,762 267,938 1,082,700
52 NewHaven 11261 . 3,450 88212 - 3,800 271,738 - 1,089,950
cc Guil. 0. . 0167 . 210 818,482 300 - 271,768 1,090,250
Jan. 23. 50 - New Haven  N.H.C. - 8,920 . 827,402 | 271,768 1,099,170
752 New Haven 11261 827,802 * 6,000 277,768 1,105,170
ce . Guil. H. 0167 560 827,962 62 277,830 - 1,105,792
Jan. 24 - 50 New Haven | -N.H.C. 8,000 835,962 _. ' . .277,830 | 1,113,692
52 Mew Haven 1261 835,962 ~ 6,100 283,930 1,119,892

cc- . Guil, H. - 01677 816 836,778 91 284,021 1,120,799
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25

26 -

27

28

29

30

Dré.ﬂe # )

50
52
ccC
50
52
cc
50 .
52
50
52
| Lof oy

cc- -

- 52

50

50
52
ce
cC

52

Dredge Site’

. -_Heﬁ Haven

‘New Haven

Guil. H.
New Haven
Hew Haven

Gu?}._H.”

- Hew Haven

Hew Haven

_ l{ew Haven

Hew Haven
Guil. H.
Guil. H.
Hew Haven

Hew Haven

Hew Haven
ilew Haven.

o guil. K

Guil. H.
Hew Haven

Hew Haven

Contract

N.H.C.
11261

- 0167
- N.H.c.
11261

0167
N.H.C.

11261

M.H.C.
11261
0167
0167
261

11261
(US Gov,)

N.H.C,
11261 -
0167

. 0167

061
USE-11261

fmount

cu yards
"Mud Silt"

6,900

1,003
6,900

1,045
5,300
5,700

< 11,900 -

6,000
1,023
165

+. 6,500

" 13,400
10,000
940
1,102

3,600

Total

843,678

843,678

844,681
851,581
851,581
852,626

857,926

863,626

- 875,526

881,526

882,549
882,714 .

882,714
889,214

802,614

912,614

913,554

914,656

914,656
918,256

' cu yards
mixed mud
Sand, clay

stones, rocks

5,700
. 112

7,400
116

6,000
114
10

7,500

750
626
122
3,500

Total '

284,021

289,721
239,833

239,833

297,233

- 297,349

297,349

297,349
- 297,349

303,349

303,463

303,573
311,073
311,073

311,073

311,823
312,449
312,571
316,071
316,0?1

To

1,127,699
1,133,399
1,134,514

1,141,414 -
1,148,814
1,149,975
1,155,275
1,160,975
1,172,875
1,184,875
1,186,012
1,186,287
1,193,787
1,200,287

1,213,689
1,224,437
1,226,003
1,227,227

1,230,727
1,234,327

. material
( *u yards



1

bre.je # ~Drédge Sfte Contract Amount . Total cu yards Total:  Tc 1 material

."cu yardsg ' mixed mud _ ‘ ( cu yards
Mud S11t - Sand, clay -

‘ _ 7 stones, rocks p 7
. 9 52 N Terminal 11380 5,305 1,138,497 11,900 367,727 1,506,224
far. 10 52 MNew Haven 1261 1,000 1,139,497 B 367,727 1,507,224

52 N.H. Temminal 11380 ~ __': 1,139,497 - 500 368,227 1,507,724

far. 11 52 CUIL - HH 11323 3,900 1,143,397 o 368,227 1,511,624
s  New Haven 11261 2,900 1,146,297 _ : 368,227 1,514,508

far; 12 B2  Wyatt OilfNHi_ 11378 - 11,876 1,158,173 - 368,227 1,526,400
52 ULIL- N 11323 200 1,158,373 | 368,227 1,526,600

Mar. 13 52 | -~ HNew Haven . - 11261 . - .2,900 ' 1,161,273 368,227 1,529,530
. 52 - Wyatt 091-NH 11378 900 1,162,173 y . 368,227 1,530,400

var. 14 52 Wyatt Oi1-N4 11378 2,200 1,164,373 | 368,227 1,532,600
. 52 New Haven 11261 © 1,100 1,165,473 | 368,227 1,532,700

Mar. 15 o -52 ~ New Haven -_-11261 3 ' 1,600 1,167,073 h | . 368,227 7‘1,535!300



Contract Amount . Total Teo méter{aT

Dr.LQQ #. " Dredge Site - | cu yards Total
6 FR - cu yards . mixed mud ('fu yards
"Mud SiT1t" Sand, clay
: : - stones, rocks /
éb, 13 52 New Haven 11261 - 10,050 1,051,259 320,217 1,371,476
eb. 14 52 New Haven 11261 2,327 1,053,586 4,323 324,540 1,378,126
eb. 15 52 New Haven -~ 11261 2,000 1,055,586 6,500 331,040 1,386,626
e..16 52 “New Haven 11261 1,055,586 9,600 340,640 1,396,226
eb. 17 . o 52 New Haven 11261 11,800 1,067,386 340,540 1,408,026
eb. 18 52 New Haven - 11261 4,500 1,071,886 4,600 345,240 1,417,126
eb. 19 52 New Haven . 11261 2,600 1,074,486 4,000 349,240 . 1,423,726
eb. 20-25 52 New Haven - 11261 |
eb. 26 52 .- New Haven 11261 | 1,074,486 8,500 357,740 1,432,226
eb. 27 52 New Haven 11261 . 6,000 1,080,486 3,600 361,340 1,441,182
eb. 28 52 New Haven 11261 8,000 1,088,486 361,340 1,449,826
ar. 1 52 New Haven 11261 10,450 1,098,936 361,340 1,460,276
lar, 2
ar. 3
ar. 4 52 New Haven 11261 7,200 1,106,136 361,340 1,467,476
ar. 5 : 52 New Haven 11261 1,400 1,107,536 361,340 1,468,876
S 52 N.H. Terminal 11380 1,107,536 4,487 365,827 1,473,363
Ear.lg 52 _.N.H.Termingx” 11380 6,351 1,113,887 365,827 1,479,714
ar, 7 52 N.H. Terminal 11380 8,403 1,122,290 365,827 1,488,117
52 N.H. Terminal 10,902 365,827 1,499,019

11380

1,133,192



-

Total- ST

8,950

Dﬁlqge # . Dredge Sfte Contract Amount fil Total cu yards A matorial
oo - '  cu yardgl mixed mud ( cu yards
Mud Silt ~ Sand, clay :
o stones, rocks
Feb. 1 52 New Haven.  USG-11261 8,800 927,056 316,071 1,243,127
50 New Haven USG-11261 10,300 937,356 316,071 1,253,427
cc Guil, H, 0167 370 937,726 'S 316,112 1,253,838
Feb, 2 52 New Haven USG-11261 7,800 945,526 316,112 1,261,638
50 New Haven USG-11261 10,800 956,326 316,112 1,272,038
ce - Guil, H, 0167 336 - 956,662 37 316,149 1,272,811
Feb. 3 52 . New Haven USG-11261 6,600 963,262 316,149 * 1,279,411
© .50 . NewHaven. - USG-11261 5,800 969,062 316,149 1,085,211
Feb. 4 = 52 New Haven USG-11261 7,350- = 976,412 316,149 1,292,561
©U50 0 New Haven USe-11261 - 5,600 082,012 316,149 1,298,161
cc Guil, H. 0167 1,197 983,209 . 68 316,217 1,299,426
Feb. 5 52 New Haven USG-11261 8,350 991,559 - 316,217 1,307,776
" B0 New Haven USG-11261 3,600 995,159 316,217 1,311,376
Feb. 6 52 New Haven USG-11261 10,550 1,005,709 316,217 1,321,926
Feb, 7 - ' | |
Feb, 8 - 52 New Haven 11261 6,000 1,011,709 2,800 319,017 1,330,726
Feb. 9 | | |
Feb. 10 52 - New Haven 11261 12,000 1,023,709 1,200 320,217 1,343,926
Feb,/ 11 52 New Haven 11261 8,550 1,032,259 320,217 1,352,475
Feb. 12. 52 . MNew Haven 11261 1,041,209 320,217

1,361,476



into "muﬁ—silt" and "sand, clay, stone" is based, at least in part, on the -
ease or difficulty of excavating the material with a bucket dredge as well
as its appearance,

A1l spoil was "point dumped” at.the buoy markina ihé few Haven disposaf
site. This is at

41° 08'9 N 72° 5311 y

During periods of calm weather the scows were discharged alongside the -
buoy} in poor weather a cTearance of up to about 200 yards from the buoy was

allowed..

Propertfes of Dredae Spoil. The properties of the freshly dredged

spoil as deposited in scows ready for transportation to the dump site
‘were measured on cores taken from a loaded scow. The spoil was silt-clay
from the New Haven ship channel. The water content of a series of sections

cut from one of the_coves.was measured with the results shown in Table 11-2.

Table II-2
ﬂater Content of Fresh Dredge Spoil
Sampie

Sample Thickness % Hater
1 (Top) | 5.3 cm 19
2 5.1 . 7.8
3 87 12.6
4 5.0 72.9
5 5.0 SN
6 86 . 7.2
7 49 746
8 5.0 | 75.1
9. 4.5 710

Average water content = 72,5



Cores taken from the channel bottom in the area where the dredge was working
- have a water content between 42 and 45%; bucket dredging therefore increases

the water-content of the sediment by about 30%.

The strength properties of the fresh spoil were measured by unconfined
compression tests on cylindrical sections cut from the cores. The measurements
were made with an‘Instron testing machine fitted with a compression load
cell; yield stress was computed from the observed load at yield and the.
1qsi&e diameter of the core tubes, The results are shown in Tabie 11-3. The

Tab}e 11-3
Depth to top of Height of Sample Yield Strain
section cut section cut ~  height stress at yield
13.0 cm : . 8.9 cm 7.6 cm 5.8 mbar 0.167
21.9 | 7.6 6.7 6.9 0.180
29.5 . 6.0 5.1 7.4 0.150
35.5. | 5.1 : 3.1 17.4 0.173

48.2 - 6.3 - 5.1 _ 9.9 0.238

cbmpressive strength of the'spoil is comparable to, but somewhat lower than,
the compressive strength of cores taken from the silt-clay bottom'of central

Long Island Sound.

IIT. TURBIDITY AND SILTATION CAUSED BY DREDGING IN NEW HAVEM HARBOR

~ Dredge operations create turbidity in the surrounding water by agitation
of the bottom and by loss of sediment from the dredge machinery. Undesired
siltation and a degradation of water quality may result, Measurements of
the amount of turbidity and siltation created by a dredge working bn tﬁe

mud bottom of New Haven Harbor are reported here,



5

‘Methods. The turbidity in waters surrounding an operating dfedqe can
"be measured directly by any of several standard methods, but the resultant
siltation cannot be so easily found. The most direct way of determining
the siltation resuliing from dredge operation would be to collect samples
of the sediment arriving from the dredge site at the stations of inferest,
as by the use of sediment traps. However, this method is impractical in
areas where waves and tidal streams generate natural turbidity by resuspension
of the bottom sediments because there is usually no way of distinquishing,
in the total amount of silt settling in the trap, that fraction which
originates at the dredge. Since an operating dredge is effectively a
continuous, fixed point source of turbidity, siltation rates are better
determined by measurements of the net flow of suspended sediment across a
series of sections through the water column shrrounding the dredge. One
method of accomplishing this is t;‘measure the suspended sediment concentra-

tion as a function of depth along, and the net flow of water across, each

- . section. This method may be used when the transport of suspended solids

by advection is large compared to the transport by diffusion. This is a
practical situation frequently encéuntereﬂ.

Si1t concentrations can be measured by filterina water samples, but
the amount of data that can be obtained by this method 1is uéua?]y inadequate
to define the flux of suspended solids. Indirect methods are more appropriate.
In the present study concentrations of susbended solids are measured by the
optical transmittance method using a 10 cm path length white ]iﬁht transmisso-
meter. Transmittance is continuously recorded as the instrﬁment is towed
along each section at successively‘greater depths. To find the concentration

of suspended solids from the measured transmittance, it is necessary first.
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to correct for turbidity due to other constituents, such as substances in
solution and plankton, and to have a calibration between suspended solids
and’ transmittance,

When a dredge is operating in a fixed position with a. tidal stream
fiowing past it, the background turbidity can be determined from measure-
ments made upstream of the dredge once a pre-dredge survey showing the
distribution of suspended sediments within the study area has been completed.
A1l observed turbidity above background levels can then be traced to the
drédge; this will be called the "excess" turbidity. The calibration of
the transmissometer is made by resuspending in sea water weighed quantities
of sediment collected from the bottom in the study area. The resultant

calibration curve is shown in Fig. III-1.

Observations. Data were obtained in the vicinity of a dredge operating

at the edge of the ship channel in New Haven Harbor. Figure III-2 shows
the 1ocation'of the study areé. The bottom of the harbor consists of silty
sand of high water content except in the'upper end of the inner harbor
where there are accumulations of various waste materials. Analysis of
sediment collected from the dredge site shows a water content of 42%; the
solids are 35% sand, 40% silt, and 25% clay.

In order to define the natural turbidity conditions in the study area,
a series of optical transmittance measurements were made in the harbor and
surrounding waters during the year before the initiation of dredging.' The
'procedure used is to tow the transmissqmeter at a depth of one meter while
making a continuous record of transmittance. Profiles of turbidity vs..
depth are recofded at a‘numbef'of stations. The track followed in the

turbidity tows through New Haven Harbor (NHH) is shown in Fig. III-2. (In

5]
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this figure X is the dredge site, LHP is Lighthouse Point and LIS is Long
Island Sound.) There is essentially no Qariation of turbidity with depth
along this tréck so that a single tow suffices. Tows were made on 11 days
over the course of the year. Turbidity is found to be essentially uniform
along the track on each occasion except at the head of the harbor, where
it is raised by industrial waste effluents, and seaward of Lighthduse
Point, where it strongly influenced by sea state. Within the harbor the
tranémittance is usually between 70 and 95% (for a 10 cm path length)

and does not show a §imp1e relation to either wind or sea conditions.

This is the background turbidity for subsequent ohservations during the
dredge period; because of its variability it must be determined before
each measurement of excess turb{dity.

A clamshell dredge fitted wi?h ala cubic‘yard mud bucket began
operations in October of 1973. At the normal rate of operation one
bﬁcket of spoil is lifted each 1.5 min. and deposited in a 2000 cubic
yard capacity scow alongside. 'Turbidity-tows were made over 6 sections
near the dredge over a period of 1.5 hr. during which time a steady ebb
current was flowing., The upstream backgfcund transmittance was 90% while
these measurements were being.made; excess turbidity is easily detected
against this backgﬁound, the transmittance near the dredge being as low
as 5%. Turbidity was uniform with depth in moﬁt of the study area. Con-
centrations of suspended solids due to dredging are calculated from the
observed excess turbidities and.the caTibration curve in Fig. IiI«l.
| The furbidity pattern around the‘dredge is shown by éurves of
_constant concentration ofisuspended solids in Fig. III-3. The contours

are identified by weight fraction in units of 107%. A plume of turbid
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water flows away from the dredae with the ebb current. The westward edge
of the pfume is sharply defined and no excess turbidity reaches as far

west as the ship channel.

Discussion., The flux of so]id{part1c1es crossing a unit area of any
vertical section is obtained from thé measured concentration of solids
and the water velocity. Velocitieg in the study area are well known from
earlier surveys (summarized by Duxﬁury, 1963) and were not measured directly.
The total flow over any section is then found be inteqrating the flux.
Transport by éiffusién, as distinct from advection, is negligible, as can
be shown by order of magnitude estimates assuming diffusion coefficients

3 to 104cm25ec. The flux of solids can also be expressed

~in the range of 10
in terms of the volume equivalent of settled so}ids of density 1.5 qm/cm3.
In these terms the total flow of solids over the section closeét to the
dredge is 0.25 m3/min. .Since the dredge is 1ifting material at the rate
of 10 m3/hin., its loss rate is 2.5% of the solids dug and transferred

- to the receiving scow. This efficiency is typical of that obtained with
modern bucket dredge equipment. _

| Where the solids lost from the dredge are finally deposited can be
determined from the flux over the other sections. The flow of silt past
section AB (Fig. 3) is 0.1 mslmin or about 40% of the material released.

3 & - - - -
min. Thus, siltation is occurring over the area

The flow over CD is 0.05 m
downstream of the dredge. The average accumulation rate between sections

. AB and CD is about 0.25 mm/day -(allowing for the fact that the ebb current

3 of silt is

flows for only half of the day). In a project where 105 m
dredge from the work site, nearly half a centimeter of silt will accuﬁu1ate

in this area. The Significancé of this accumulation may be judaed by’



comparison with the siltation of the bottom due to natural causes. The
rate of.accumulation of sediment in area ABCD due to new material being
\Rbfought into the harbor by natural causes is minute compared to the silta-
tion caused by the diredge., However, shallow water such as this is subject
to wave action during storms. A typical winter storm is observed to reduce
the transmittance of the water over a mud obttom to about 6%, corresponding

to a silt concentration of 12 x 10"4

parts by weight. lhen this silt
se§t1es out of the water column, it winl deposit a Tayer about 1.7 i thick.
The total silt deposit expected from the dredgihg operation is, therefore,
equivalent to that deposited by four winter storms. Since 10 or more such
storms occur in a typical season, the dredging is not a significant

perturbation on the natural environment of the harbor.
IV. DISPERSION OF DREDGE SPOIL DURING DUMPING*

Introduction. A problem encountered in the disposal of dredaed material

at sea is the accuracy to which the spoil can be placed on a designated

dump site. It is anticipated that currents, particularly tidal streams,

may disperséhspoil containing appreciabTe amounts of silt or clay over
considerable distances during the time required for transit from the surface
to the bottom. (Subsequent erosion of spoil which reaches the bottom may
also occur, but is not considered here.) A series of turbidity measurements
has been made at the MNew Haven spoil ground-in Long Island Sount (41008'.9 N,
72053'.18 W) during the dumping of material dredged from New Haven and -

Guilford Harbors in order to define the'processes by which spoil is trans-

* This section will be published in Estuarine and Coastal Marine Science,

Vol. 2,
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ported to the bottom. These dumping operations are amomo the first to be
‘carried out with precise névigationaT control, thereby permittina quantita-
tive observations of the disposition of the spoil. The material being
'dumped,is marine silt of high water content, presumably material highly
susceptible to dispersion. The water depth at the dump site is 20 meters
and the tidal stream is rotary, so that the current is never less than |
about 6 cm/sec. Maximum current speeds 2 m above the bottom range from
30 cm/sec (springs) to 16 cm/sec (neaps). Spoil is hauled to the dump
‘site in scows of 1200 (Guilford) and 2000 (New Haven) " capacity; these
are held deéd in the water at a station buocy and discharged by opening
bottom doors. 'The method of observation used is to meaéure the water
velocity and the concentration of.contained solids at various positions
around the dump site during and after discharge of a scow and to calculate

from these data the resultant flux of suspended sediment.

Methods.  The character of the tidal stream at the dump site has been
determined from records of the current made over a period of 18 months.
During most of this time water speed and direction have been recorded with
a meter set on a taut mooring at an elevation, z, of 2 m above the bottom.
Additional data for shorter periods of time have been obtained from a 3-meter
array measuring at the bottom, at mid-depth, and near the surface, and
from the tracking of drifters. Analysis of the results in terms of a tidal
Stream and a non-tidal circulation is presented elsewhere (Gordon and Pilbeam,
1975). The dominant flow is in the east-west direction; there is a smaller,
out-of-phase north-south component; .Superimposed on the rotary tidal stream

is a well-defined, non-tidal flow. At z =2 m the average annual net flow
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is 1.6 cm/sec westwards. This varies only slowly through the year, being
greatest in early summer and Teast in late autumn. Salinity measurements
show the presence of a distinct layer of relatively fresh surface water
over a more Saiine bottom'watér throughout most of the year. The boundary
between the layers is at about mid-depth. The surface water flows east-
wards. The total tidal velocity at any time can be calculated with the
ajd of the harmonic constants of the tidal stream, which have been computed
from the current meter data. However, turbulent velocity fluctuations in
the tidal stream are-1arge (ye]ocities up to 80 cm/sec are occasioﬁa11y
observed). Hence one recording current meter is always kept in operation
near the spoil ground during the dump operations studied.

The concentration of solid material in the water at aﬁy point is
determined by measurement of optﬂca1 transmittance with a 10 cm path
length white Tight transmiséometer. The instrument used is fitted with
& pressure sensor so that a continuous record of transmittance versus depth
can be made. The transmissometer is calibrated by immersion in water con-
taining known weight fractions of silt collected in the study area. More
accurate methods of measuring suspended gediment concentrations are available,
but only the transmittance method permits observations to be made with the
rapidity required in this study. |

The tidal stream resuspends.the silty mud found on the bottom at the
dump site, creating a background turbidity which is always present. Perfodic
observations of the amount and distribution of suspended sédimént have
been made for a period of over one year. The concentration of sediment is
found to decrease upwards ffom-the“bottom:.inteqration of the concentration

profile gives the total amount of sediment in the water column. This is
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found to véfy, generally from 10 to 50 mgm/cmz, with the maximum ever

2. The amount of.suépended material is usually

observed being 100 mgm/cm
greatest at the time of spring tides and least at nedps. The change over
any one tidél cycle is small. Hence, a single turbidity profile taken
before the start of a given dumping operation suffices to determine the
background concentration of sediments at each depth in the water column.

Three different observational procedu%es have been used to determine
the distribution of excesé-furbidity due to spoil discharge, as follows:

1. The qbserving boat is anchored downstream of the‘scow and the
transmissometer held a fixed distance above the bottom. A continuous
record of transmittance is made before, during, and after the time when thé
" scow is discharged.

2. The observing boat is anchored, usually downstream of the scow,
and repeated turbidity profiles through the water column from surface to
bottom are recorded beginning at the time of spbil discharge.

3. Immediately the scow is discharged and'moved away; a marker buoy
is placed at_the exact dump site. A second buoy attached to a drogue set
for a depth of 10 meters (called the "drifter") is simultapeously released.
Repeated turbidity profiles are then recorded alternately at the dump site
and at (or near) the drifter. | |

In all cases, observations are continued until the turbidity returns
to 1fs background level. The motion of the drifter, when in use, is tracked
by fixes taken on navigational control buoys and on shoreside landmarks.
The trajectory of water passin§°the'dump‘site is calculated from the current

meter and drifter records.
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Observations. Turbidity observations have been made during seven

different spoil disposal operations at the New Haven site, as summarized

' {n Tabie IV-1. Additional observations were made on the first day over a

-wide area surrounding the drop site to make sure that no turbidity other

than that revealed by the standard schedule of observations escapes from
the spoil area. The volume of spoil discharged from the scow is determined
in each case from the records kept by the dredge operator. Spoil composi-
tion is determined from available anaiyses of cores previously cd11ected
in.the areas dredged. |

Typical of the results obtained by recording repeated turbidity pro-

files at the drop site are the curves in Fig.'IV-l. The curves are identified

in terms of minutes before or after the time of spoil discharge, D. Two
minute§ is required for the scow tb be towed away and for the measuring
boat to méve into its place and begin observations. Profiles are made
once each minute; only representative curves are shown in the fiaure. The
concentration of suspended solids is éxpressed as weight fraction and the
height, z, above the bottom is in meters. Water depth at the time of dis-
charge is 10 meters. During the time that these measurements were made

the recorded tidal current at z = 2 m was weak; at D+26 min. water which

~was at the drop site at time D had been displaced by 20 meters. The curves

Show that there is essentially no turbidity in the water column above a .
height of 5 meters. A cloud of highly turbid water initially about 4 meters
thick is present on thé bottom at the drop site. This turbid cloud éettles
out over a period of 26 min, ‘At timés after D+26 min. only the background
turbidity, éssentialiy the same_as tﬁat observed before the drop, remains

at this site.



. Day/Month/Year

08/10/73 -
00/10/73
10/10/73
24/10/73
25/10/73 .
05/11/73

30/01/74

Methods:

Drop Time*
13250

1535Q
1314Q
1551Q
16080Q
1250R

1600Q

(

Table IV-1

Summary of Observations at Spoil Drops

Method of
Observation

3

Volume

Discharged

1850 m3

1850
1850
900
900
iZOO

2300

1. Continuous turbidity record, fixed height and location
2, Repeat turbidity profiles, fixed location . |
- 3. Repeat turbidity profiles at drop site and drifter
 * Local time: Q = GMT - 4", R = gur - 5"

Source

- NJH.

N.H.

M.

N.H.

Spoil Composition

35%
25%

20%
20%

20%
20%

107

and

10%
and

10%

and

15%
25%

42% water
sand, 40% silt,
clay

42% vater
sand, 60% silt,
clay

42% water
sand, 60% silt,
clay

56% water
sand, 90% silt
¢1ay

56% water -
sand, 90% silt
clay :

56% water
sand, 20% silt
clay

667 water
sand, 60% silt,
clay
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Turbidity profiles at a drifter released at the place where the scow

was discharged were made alternately with those at the drop site.. The

\._ drifter traveled away from the drop site at an average speed of 5.5 m/min.

in dirvection 109 (true}. This set of observations was made near the time
of minimum current at z = 2 m; the surface current runs substantially faster
than the bottom current at this stage of the tide. The drifter profiles
reveal the presence of the bottom turbid layer at times D+6 and D+14, show-
iqg that this cloud has spread at 1eést to a distance of 77-mete}s from the
drop site in 14 min. There is a corresponding decrease in thickneés of the
bottom cloud. | :

There is also present at the drifter site a turbid cloud in the upper
part of the.water column which is distinct from the bottom turbid layer.
Sediment Concentrations in the upper cloud are less than those near the
bottom. No evidence of the upper turbid.cloud is observed in the profiles
at the drop site. The distance between the drop site and the drifter,
therefore, places a 1imit on the size of the upper cloud; for the observed
curves tb be consistent the upper cloud must be less than 30 meters in radius
at 6 min. after the completion of spoil discharge, The drifter data also
plaée a bound on the size of the bottbm turbid 1ayer: this Tayer is not
observed at the drifter after D¥i4 min.; the data in Fig. IV-1 indicate that
the bottom cloud has not reached zero thickness in this time. It follows
that the bottom cloud does not extend much beyond IOO‘meters from the drop
site. |

An alternate way of tékihg turbidity profiles is from a fixed station
downétream of the dump site. Fig. IV-2 shows representative data taken this

way. The observing boat was 50 meters from the scow at the time spoil was



A e

T P O S S P

gter

- Eio

N
i

thJ“w“ L

o i i

A 251073
o s=50m
+d
2% 15m
6 60
7 68
9 86

-”_—'ﬁ-"'

i R
’




dropped. Profiles were taken at a rate of about one per minute; only
representative examples are shown in the drawiné. The table which appears
in thﬁs fiqure gives the displatement of bottom water from the drop site
at successive times after the ead of spoil discharge as calculated from
the current méter record. The arrival of the bottom turbid cloud at time
D+2 min. is evident. Since the displacement of the bottom water in this
2 min., period is only 15 meters, it is evident that the bottom turbidity is

spreading at a speed substéntiaily in excess of the current Speed._'The
| surface turbid cloud is first detected at time D+6 min., when the water
displacement is comparable to the distance between the drop site and the
_ observing boat. It is concluded that this cloud has no lateral velocity

in excess of the water velocity; thus it might'be termed a drift cloud,
Curves D+6 and D+7 show that the upstream end of the drift cloud is lower
than the downstream end.

when-a continuous record of=turbidity near.the bottom is made at a

.fixed station downstream from the arob site, a record 1ike that in Fig.
1V-3 is obtained. In this case the transmissometer Qas held 1 meter above
the bottom 30 meters.aWay from the scow. The bottom currenf at the time
was 9 cm/sec. Zero time is the moment when the doors on the bottom of the
ScoW were openedt' The time required for the silt to féll through 18 meters
of water, impact the bottom, and.then spread laterally through 26 meters of
water is 2.58 min. Highly turbid water continues to flow past the transmis-
someter for the next four and a half minutes, after which there is aﬁ

irregular decrease down to the background level of turbidity.

Interpretation. Most of the material in the spoil consists of non-

cohesive particles of silt and clay siie, particles which by themselves
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would have a sett1ing speed of no more than about 5 mm/sec (requiring over

65 min. to reach the bottom). The observations show that the spoil reaches

. _fhe bottom very quickly, falling not as individual particles but as a

-6ensity current, Upon impact with fhe bottom, the current spreads laterally

to produce the observed bottom turbidity c1odd. A small résidué of fine
particles does not go to the bottom with the density current and is left
behind as the drifting upper cloud of turbidity. Material in this cloud
sinks at approximately the single particle settling velocity. This qualita-
ti;e mode] is,bbserved to épp1y for all stages of the tidal streamlat the
Mew Haven dump site. | _

During the dumping operation the spoil appears to behave, to a first
approximation, as a dense liquid. This is a consequence of its high water
content (70 to 75%) and the éxtens%ve reworking it suffers during dredaina.
It is discharged from the bottom of the scow as a jet with an initial velocity
of from 2 to 5 m/sec as a result.of fall through the scow hoppers. (The
velocity is calculated from thé volume of spoil, the orifice dimensions,
and the observed discharge time.) During fall to the bottom the jef will
be accelerated by gravity, as 1ong as it retains.excess density, and retarded
by drag at the head and entrainment of ambient water.

As the scow is dead in the water during discharge, the poinf of origin
of the spoil jet is moving with the surface water velocity. Velocity shear
will be encountered during transit to the bottom, but the downwafd jet
velocity is sufficiently large compared to the speéd of the tidal stream
fhat only a small error is made in describing the spoil t;ansport_through
the water in terms 6f coordinates fixed to a particle of bottom water
directly under the scow at the time if discharge. Allowance for motion

over the ground is then easily made in evaluating the total amount of dis-

persion.
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The processes involved in the .dispersion of wastes dumped at sea are
summarized by Clark et al. (1971). Three stages of descent are recognized.
In the first, convective descent, the waste cloud settles in conseguence
of its excess density and initial velocitv. Due to entrajnment of ambient |
fluid, the cloud density decreases while, with increasing depth, the density
of the ambient water increases. Descent therefore ends at a critical depth
and the second stage, collapse, occurs., This is followed by long term
dispersion of the cloud. The important parameters are the Froude number

. based on cloud radius, b, and the parameter
E = b(dp/dz)/Ap

where dp/dz is the density gradient in the sea water and Ap is the excess
density of the cloud. In the case of dredge spoil dumped in well mixed

' {
coastal waters, as in Long Island Sound, dp/dz is small (the density

3 3

~difference between the top and bottom of the water column was < 1077 gm/cm
| at the time of the observations reported here) and Ap is large, 0.45 gm/em3
in the present case. This causes E to fall outside the range in which the
analysis of Clark et al. is useful; the spoil is transported all the way to
the bottom by convective descent. If the downflowing spoil can be described
Las a jet Tssuing from an orifice at the bottom of the scow, the amount of
jts spread due to entrainmenf can be estimated to a first approximation from
turbulent boundary layer theory (Schlichting, 1960): The lateral spread of
- an axially symmetric, turbulent jet is equal to about 30% of the distance
" traveled from the orifice. At the Mew Haven dump -site the increase in jet

diameter during fall to the bottom would be 12 meters. This is consistent

with the turbidity data and also with qualitative observations of the
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descending spoil made with a 200 kHz echo sounder on a boat travefsinq the
dump sité;'a good reflection is obtained from the top of the descending
column of spoii'so that an estimate of its size can be made.

The details of the interaction of the descending spoil with the bottenm
are unresolved as yet; presumably some resuspension of bottom sediment
results from the impact. The turbidity observations clearly show, however,
the generation of an outward spreading density current, or‘surge, of highly
“turbid water. The fall aﬁd.spreading velocities of the density current
can be conveniently studied with a travel time diagram in which the total
distance traveled by the spoil downwards to the bottom and then outwards
from the point of impact is plotted against time. The data from the
" available observations are not sufficient to yield highly accurate results,
but clearly show the magnitudes of the physical processes involved. The
app]icabie data are shown in Fig., IV-4; observationsrwhich place 1imits on
the travel time (but do not specify actual values) are indicated by arrows.
A downward arrow, for example, indicates that sﬁoil is not observed and
therefore had travé]ed a distance Tess than that indicated by the arrow
head. The graph on the left is an enlarged version of the initial part
~of the curve on the right. Zero fime is the time at which the spoil starts
moving downwards from the scow. It must pass through 18 meters of water
before hitting the bottom.. The intercept of the travel time curve on a
1ine corresponding to a distance of 18 meters gives, therefore, the fall
time of the spoil from surface to bottom. The initial slope of the curve
in the left-hand diagram is drawn as 2 m/sec, the value calculated for the
occasion when the travel time to the bottom (the first data point) was

measured directly. The observations show that the descent speed decreases
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with depth, i.e., that the velocity decrease due to entrainment and head

drag exceeds the increase due to the excess density of the spoil jet.

' _ There is a discontinucus change in velocity upon bottom impact. The

:initia1 horizontal spreading speed of the bottom surge is about 12 m/min.;
it subsequenf]y decreases and the motion appears to be fully dissipated
after about 15 minutes. MNote that the motion described in Fig., IV-4 is
.measured witp respect to the bottom water; the current speed (as indicated
bx the recording meter) must be added to find the speed over the ground.
In most of the.observations the speed of the water is small compared to the
Speed of the spoil. While the bottom turbid cloud is spreading, it is
é]so thinning. All of the observations of the thickness of the bottom
cloud are shown in Fig. IV-5,

Detailed analyses of the dynamics of density surges of suspended
sediment are not now avajlable, but one generalization confirmed by obser-

vations is that the Froude number
F=u/ (22 gh)

remains constant at about unity as the surge spreads over distance % CihdLL .
-(Keulegan, 1957). Here U is head velocity of the sﬁrge, Ap its excess
dehsity'and h its thickness. This relation can be tested with the data
~given above: The excess density can be calculated from the observed
concentration of solids and the thickness h has been measured. lhen

3

h=200cnand ¢ = 10°, u=7.2 m/min., which is within a factor of 2 of

the observed speed. This is about as close an agreement as could be
expected from the data available. A consequence of the mode].is that, for

axially symmetric spreading of a surge whose volume remains constant,
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This relation is shown by the dashed curve in Fig. IV-4 and appears to hold
to within the accuracy of the data. By about D+15 min. the bottom cloud
has become so thin that the model may no Tonger apply. If this is so, the
last arrow in Fig. IV-4 is no longer a significant constraint on the travel
time curve.

If the speed at which the bottom turbid layer moves past a point, its
height, and the concentration of silt it contains ‘are known as a function
of time, then the flux of suspended particles that it carries outwards from
the &hmp site can be caleculated. Data are at hand to make this calculation
for a circular perimeter of 30 meter radius surrounding the drop site. The
data in Figs. IV-3, 4, and 5 aré used, and it is found that the greatest
outward flux of solid particles is 0.90 m3/min. per unit length of perimeter.
Integrating around the perimeter and over the time that the bottom cloud

3 of solids transported outside

spreads outward sets an upber bound of 170 m
the circle of 30 m radium for each scow discharge., This is approximately
18% of the material dropped from the scow.

A second way in which solids can be dispersed from the dump site i< in
the upper drifting cloud of turbid water., Because of the slow settling
speed of this c]oud,.it will be carried a considerable distance by the tidal
stream before its contained solids'reach thé bottom. The turbidity pro-
files define the approximate thickness (10 meters) and diameter (60 meters)
~of the drifting cloud. The total amount of solids it contains can be
. calculated from its measured turbidity. This §s found to be 19 m, or
about 1% of the material dumped. Thus,.the data show that at least 80%

of the spoil in the scow reaches the bottom within a radium of 30 meters
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around thé drop site and 90% wifhfn a radius of 120 meters, and that only
about 1% of the spoil is dispersed over a significantly greater distance.
The above conclusions about the extent of spoil dispersion are confirmed
by bathymetric surveys made at the New Haven dump site, as discussed in
the next section of this report.

It is éxpected that the model of spoil dispersion developed for the
New Haven dump site will be appTicabfe to other localities so long as the
spoil reaches the bottom by convective descent. The limits to which this
mode of fall will apply can be estimated by the method described by Clark
et al. (1971). In greater depths of water, the analysis of Koh (1971) may
be applied. Increasing the sand content.of the spoil, or decréasing the
contained water, would increase-the density contrast. Spreading during
descent would not be much changed but the amount of fine material available
to make the bottom density surge foud 5@ reduced, Spoil with a large clay
content probably would not be liquified during bucket dredaing and might
not be discharged from the scow as a jet; free fall of individual blocks

is more likely in this case.
V. SURVEYS OF THE DUMP SITE

At the comp1etion of dumping operations, and during the following
months, the dump site was examined to find the amount and disposition of

spoil present and evidence of its movement.

Bathymetric Surveys. The dump site surveys were made using a Raytheon

_precision survey fathometer. Tide height corrections were made by running
the survey lines through a buoyed fixed poiht, the South Control Site,

having & nearly flat bottom at a depth prévipus1y determined by the Corps
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of.Engineers in.the originai site surveys. Two of the surveys were detqilggmu
and utilized a pfecision electronic navigations system ("Cubic Autotape"
microwave system with transponders at Stratford Pt. light and the New
Haven abandoned 1ight tower). The 6thers were run on a singie east-west
track through the dump buey location with the aid of auxiliary buoys "J",
844 yards east of the dump buoy, and "K", 1420 yards west of the dump buoy.
A1l buoy positions are subject to some variation due to the scope in

their mooring. Surveys were made on the following dates in 1974:

24 January ' 11 Hay
6 March* 27 May
28 March . ' 26 July
18 April ' ‘ .. 19 Movember*

(Those marked "+" are detai]ed'surveys'based on the electronic navigation |
system)

At fhe time of the survey 6n 6 March the dumping operations were almost
completed; the configuration of the spoil'pile on this day is, therefore,

very nearly its final form and subsequent changes would be due to erosion

“or compaction of the spoil. The measured topography of the dump site on

6 March is shown in Fig. ¥-1. The high cone of material at the dump buoy
is immediately evident. The smaller cone to the west 1s present because
the position of the dump buoy was shifted on 31 October 1973 (while the

buoy light was being repaired by the Coast Guard). The buoy positions are

To 31 Oct. Ry (to Stratford Pt. Lt. Ho,) 18359 m, Ry, (to 01d Tower) 11205 m

After 31 Oct. R, ='18702m R,

= 11363 m '

A comparison of the bathymetric survey made on 6 March 1974 with

- surveys made before dumping operations began should permit determination
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of fhe volume of spoil present on:the site. In order to make the comparison
it is necessary to allow for. downward deflection of the bottom under the
weight of the spoil pile. A good estimate of the magnitude of this deflec-
tion éan be made from the measured hardness of the bottom at the dump site
-(Bokuniewicz, Gordon and Rhoads, 1975). "Hardness" is the normal stress
required to produce a unit downﬁard deflection of the sediment-water interface
under drained conditions. It is insensitive to the rate of loading. Hénce,
the bottom hardness measured wiﬁh a penetrometer (Gordon, 1972)‘sh0q1d be
a good representation of bottom deflection under the lona-term load applied
by the.deposited spoil. The average measured bottom hardness at the disposal
site is 20 mbar/cm. When silt-clay spoil containing about 70% water is
- placed on bottom sediment of this hardness; the downward deflection of the
. bottom is very -nearly equal to 20% of the height of the spoil above the
original, undeflected, sediment-water interface.

The ‘thickness of:the spoil deposited on the dump site up to 6 March
1974 was calculated from the measured changes iﬁ bottom topoaraphy with
the above described CSrrection for bottom deflection applied. Thickness
contours for'the dump site are shown in Fig. V-2; also shown is an east-
west cross section of the spoil déposit (with a 50 to 1 veftica1 exaageration).
| Contours are drawn at 1 foot intervals for 0 to 5 ft. and at 5 ft. intervals
thereafter. The "0 ft." contour is the outer bound of the area where a
différence in water depth greater than 0.2 ft, before and after dump%ng
could be detected. Small ahounts of spoil may be present outside the area
bounded by this contour. |

The measured volume of spof] in the pile shown in'Fig. V-2 is 1,5807 x
106 yd3. On March 6, the survey date, the total amount of spoil which had

been dumped since the start of dredging was 1.479714 x 10° yd3. Several
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factors must bé.cbnsidered if these two figurés are to be compared td see
if all of the spoil dumped can be accounted for on the site. First, the
émount dumped is based on dredge operator's estimates of the amount of spoil
placed in each scow. Three dffferent dredges, each with several crews,
‘were at work during the project. It is difficult to evaluate the accuracy
of their estimates; a 10% error seems quite possible and would easily
account for the difference between the figures given above. Secqnd, it is
to_bé expected that there will be some difference, probably an increase,
betﬁeen the water content of the speil in the scows and that of the
freshly deposited spoil on the bottom of the Sound. If the increase were
from 72.5%, as measured in the scows loaded with silt-clay spoil, to 74.4%,
the volumes of spoil dumped and measured on the bottom w6u1d be in agree-
ment, Third, the water content of the spoil is determined from a one meter
long core taken from a filled scow; the water content at the bottom of the
scow may be somewhat less.  The water content of the spoil pile is expected
to be non-uniform: Spoil was dumped over a period of six months. The
older spoiT will be compacted by the newer spoil on top. Only the top
could be sampled by the gravity and box corers used. For all these reasons
precise determination of the actual volume of solids dumped and the volume
of solids in the spoil pile could not be made. Howéver, the results show
that the loss of the spoil from the designated dump site during dumping, if
any, is a very small fraction of the amount of material discharged.
According to the analysis_presented in Section IV alone, spoil dumped
at the New Haven site should be placed on the bottom within a circle of about
200 yd. radius centered on the scow position. The scope on the dump buoy

'mooring is about 3 times the water depth, or 180 ft. The buoy is, therefore,-
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expected to swihg through_a radius c¢¥ about 50 yd. Scows may have been

as much as 200 yd. away from the buoy when dumped.. Most of the spoil should,
fherefore, be within about a 450 yd. radius. Examination of Fig. V-2 shows
.that, when ailowance is made for the fact that the dump buoy was moved on

31 October, this is actually the case.

Surveys made after 6 March 1974 show that there have been changes in
the configuration of the spoil pile after dumping was completed. The
measured height of the top of the pile at successive times after\comp]e-
| ti;n of dumping is shown in Fig. V-3. In this diagram the first and Tast
points, based on detailed surveys, are more reliable than the intermediate
ones, which are based on positions determined from buoys. (The error bars
in Fig., V-3 refer to the uncertainty in depth measurement only., Examina-
tion of Fig. V-1 shows that the swing of the dump buoy on its scope will
change the profile measured somewhat.) The height of the spoil pile has
Been decreasing, more rapidly at first and then moré slowly. The fesultant
change in the configuration of the pile in E-W sections J-D-K (see Fiq. E-1)
is shown in Fig. V-4. The decrease is greatest in the center and is approxi-
mately proportioha] to its height.

| Both erosion and consolidation may contribute to the observed shrinkaae
of the spoil deposit. The following evidence indicates that consolidation
is the principal cause of the changes observed:

i. The decreasing rate of change of height of the pile (Fig. V-3) is
expected for the se]f-consoiidation by dewatering of soil under its own
weight because the permeability of the spoil decreases as it settles. An
alternative hypothesis is that the resistance of the pile surface to erosion

Jincreases, rapidly at first and then more slowly. This is unlikely for
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two reasons: First, the surface bf much of the pi1e‘has'baen covered with
~sand at all times since completion of dumping and was free of animals until
at least June 1974. Second, the measured increase in critical erosion
velocity forrthé pi]é surface (Rhoads, 1974,.persona1 communication) was
greatest in late summer,

ii. In self conso]idation'shrinkage should be broportiona] to thick-
ness, as is observed.

"§ii. The measured water content of box cores taken from the pile in
the Fall of 1974 is 50% (Aller, 1974, personal communication); in TAte
Spring of 1974 it was greater than 60% (U1Iman, 1974, personal communica-
tion). These data, and the observed change in spoil thickness, imply
substantially higher water content in March 1974.

iv. There is no evidence of any extensive transport of material away
from the dump site (see below),

A consequence of consolidation of the spoil by Toss in interstitial
water is that there would be a net outwark flux of fjuid through the sedi-
ment-wafer interface of the spoil pile. To estimate the magnitude of this
flux, suppoée that the settling occurs uniformlty throughout a column of
spoil under a unit surface area. Let h.= the spoil thickness, ¢ thé
volume fraction of interstitial water and v the velocity of outward flow

of interstitial water. Then -
v = ¢(dh/dt)

The greatest dh/dt occurs at the top of the spoil pile and from Fig. V-3

is 0.22 ft/day = 6.6 cm/day = 7.6 x 10"5 cm/sec. Since ¢ = 0,7, the greatest

5

v is n5 x 107" cm/sec. This outward advection will oppose any inward

diffusion processes which may be active.- Its magnitude will décrease with
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_'time and with distance from the center (thickest) part of the pile.

Current Meter Measurements. The top of the spoil pile reaches 23 ft.

upwards into the water column at the dump site. Current meter measurements
were made to detéct any change in the pattern of water flow over the site
which might result. 1In Septembef 1974 one meter was placed at buoy *J",
" 844 yards east of the dump buoy, and a second was placed on the top of
the spoil pile. These meters were recérding simultaneously; both were set
2 m above the bottom. In comparing the results obtained at the two ﬁtations,
allowance.must be made for the large fluctuating component of velocity which
is observed at all stations in central Lon; Island Sound. To eliminate the
- effect of these fluctuations it ds necesséry to compare records of at
. least 10-days duration. One way of doing this is to examine the velocity
histograms calculated from the records. Theée are shown in Fig., V-5
where the number of times current velocities fall within successive velocity
intervals, n/il, is plotted against the magnitude of the velocity. The
greatest expected tidal velocity at this station is ~30 em/sec; the
occasional oécurrence of much higher.current speeds is evident in the histo-
gram for station "d". Figure V-5 shows that the current speeds over'the top
© of the spoil pile {curve D) is increased by a factor of about 30% over that
on the surrounding sea floor: The top of the ranage of tidal speeds is |
about 40 cm/sec and the range 6f higher velocity fluctuations is corres-
pondingly increased.

While the increased.current observed at the dump site may be due to
a local alteration in the flow regimé caused by the presence of the spoii

pile, some or all of the increase may be due to the fact that the meter on
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‘the top bf the pile is sampling higher in the water column, wheré velocities
are naturally greater. This possibility may be tested by cohparing the
results oBtained at the dump site with those from a vertical array of three
| current meters ooerated at the South Control site in December 1973, The
bottom and middle meters in this array were placed at the same relative
depths in the water column as tHe meters at the dump site and at station
"J", The histograms calculated from these records are shown in Fig. V-5,
curve SCB is for the bottom meter and curve SCM is for the middle meter.

The increase in current speed at mid depth at the South Control site is
comparable to that observed at the top of the spoil pile. (Actually, the
enhancement of ©he highest speeds is somewhat greater and of the intermediate
speeds, somewhat less, at the South Cbntro] site,) Hence, it appears that
the spoil pile, despite its size and considerable height, has 1ittle or no '

measurable effect on the speed of water movement over the dump site.

Bottom Sarmples and Reflectivitv Measurements. The uppermost material

on the spoil pile is sandy while the surrounding sea floor is nearly sand-
free mud. If erosion of sand from the pile with subsequent deposition
‘outside of the dump site area occurs, it'may be possibie ‘to detect a super-
ficial deposit of sand on the muddy bottom. In order to detect this, short
cores were collected along track J-D-K at increasing time intervals after
completion of dwmping. Each core was divided into 1-cm thick layers beqgin-
ning at the sediment-water interface and each layer was sieved in order to
determine its samd/mud rétio, j.e., the relative amounts of maferial retained
| on, and passed byy, a 64 u screen. The results obtained for the uppermost |
layer in each cwre are shown in.Fig. V-6. The cores were collected on four

different dates; the horizontal scale of distance is centered on the dump
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buoy. The high sand content of the material on the top of the spoil is
evident. However, there is a very large scatter of individual values from
éach sampling date, eQidence of the "patchy" character of the spoil deposit.
VA‘further source of scatter in the data is the variation in buoy position
(due to mooring scope) discussed above. There does not appear to be any
systematic shift-in the sand distribution distinguisﬁable from the scatter
in the data. For this method of detecting dispersion of sand to be effective
it is evident that a much greater number of samples would have to be collected
(t; get proper averaging over the patchy bottom) and use of a more precise
system of navigation would be desirable.

Another attémpt at detecting spreading of sand was made by measuring
the variation in the relative acoustic reflectivity of the bottom for 200 kHz
pulses along a track J-ka. The reflectivity is sensitive to small changes
in sand content and good averaging is obtained since a continuous record is
méde along the track. However, each track must be calibrated (to él1ow for
adjustment of instrument gain and water depth) at one or more places of
known sand content. The results obtained at the dump site are limited in
&sefu]neés because of difficulties encountered in intercalibrating the
tracks run on different dates and, as above, by the navigational inaccuracies
resulting from the necessary reliance on local buoy positions. A1l tracks
show the general variations 6f.sand content over the spoil pile but do not

reliably detect any‘dispersion.

Turbidity at the Dump Site. Dufing the preliminary (pre-dumping) phase
of this study regular turbidity measurements were made at and around the

dump site for over a year. The turbidity profile from surface to bottom
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was measured and used to calculate the total amount of suspended sediment
in the.water column at the place and time of measurement (methods and- -

results are discussed in earlier reports). Similar measurements were made

. from time to time after completion of dumping operations; nc significant

deviation from the turbidity conditions obtaining before dumping were cbserved.
VI. CONCLUSIONS

" The ebservations at the New Haven dump site were made while commercia1
dredging contractors were carrying on their work according to the generally
accepted procedures of the industry, A_contro]]ed dredging-dumping experi-
ment was not done., Thus, the objective was to extract as much information
as possible from the measuremerits that could be ma&e with the resource
available. Before dumping began 1ittle information was available as to
what variables would be'importan% or how great their range would be. For
these reasons the data are not as complete as they would be if this were a

fully controlied dredge-dump study planned and funded so as to obtain maximum

“scientific value. MNevertheless, a'great deal has been learned about the

physics of the processes active in dredging and ocean disposal of spoil.

Turbidity Due to Dredging. The bucket dredge operating in the tidal

stream in New Haven Harbor is found to act as a continuous point source
of turbidity. Measurement of the flow of turbid water away from the dredge

shows that about 2.5% of si]t'lifte& from the bottom is Yost into the sur-

. rounding water. In MNew Haven Harbor the resultant siltation is small

compared to that due to winter storms except in an area about 500 x 200

meters (long axis afwng the tidal stream direction) extending downstream

from the dredge.
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- Dispersion of Spoil During Dumpina. Turbidity measurements show that

99% of non-cohesive spoil of high silt content discharged from a scow-in
the presence of a tidal stream is transported to the bottom as a high-speed
density currenf. Lateral spread of tﬁis current is about:30% of the water
depth. Impact with the bottom produces an outward-spreading surge whose
speed and thickness vary such that the Froude number of the flow remains
constant, When 2000 cu. yd. of spoil is discharged in water 20 m deep,
the éurge,carries less than 18% of the spoil outside a circle of 30 m fadius,
and‘essentialiy none beyohd 120 m. The residual turbidity in the water
cotumn, which drifts with the tidal stream, contains less.than 1% of the
material discharged; this settles at tﬁe fall speed of the individual
particles.

A bathymetric survey made near completion of dumping operations.shows
that all of the material dumped ;s accounted for in the spoil pile to
within the 1imits of the accuracy of measurement. The observed spread of
spoil about the designated dump point is accounted for by thé cummulative
effect of the swing_of'the dump buoy on the scope of its mooring, the measured
:spread of spoil during descent and hottom impact, and the positionino of
the scow relative to the dump buoy. The results show that cood precision
can be attained in the placement of spoil at a designated place on the bottom,
and that very little material escapes during ﬁTacement, even when dumping
is carried on in the presence of a strong tidal stream and in sea states

ranging up to the 1imit at which dredge and scows can be safely operated.

Dispersion of Spoil After Dumpfna. Repeated bathymetric surveys after

. completion of dumping show shrinkace of the spoil pile. This is shown to
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be due to compaction and consolidation of the spoil rather than erosion-
of the §p011. The compactioﬁ process: results in the expulsion.of inter--
stitial water. Transport of the spoil outside of the designated dump
area was not detected by either analysis of core samples or acoustic

reflectivity measurements.
VII. RECOMMENDATIONS

Dumping Procedure. Alternatives to point dumping should be considered.

Point dumping builds the spoil pile to a maximum height. Advantaaes
of this are deeper burial of the first-dumped spoil and its greater compac-

tion and isolation from the water above. This may help suppress release

~of pollutants which are actually buried with the spoil. Further, a conical

shape tends to minimize the surface té volume ratio of the spoil pile.

targely negating the above advantages is the fact that the great bulk

of spoil is not in the central core but in the surrounding flanks, where

the thickness is relatively small. (This may be easily seen by calculating
the volume of successive.horizontai slices of the pile shown in Fig. V-2,
Two thirds of the total volume of spoi]Ijs betwoen the 0 and 1 ft contours.)
Thus most of the spoil is-not"deeply buried and is exposed to direct contact
with the sea water and benthic animal 1ife., Furthermore, the central peak
6f the pile is exposed to the greater current speed§ that occur higher in
the water column. It is also more exposed to disturbance by storm-generated

waves. (This latter effect has not yet been quantitatively evaluated at the

~New Haven dump site; observations of storm reworkina of the bottom at the

Northwest Control site suggest is will be a significant effect.)

It is, therefore, recommended that "point" dumoping be replaced by

‘ "controlled area" dumpina, unless the water at the dump site is very deep.
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The objective in controlled érea dumping would be to space out the
actual drop locations so as to construct as nearly as. possible a flat- -
topped spoil pile with side angles as steep as possible (consistent with - -
s]ope stability). This would result in deeper burial of a_Targer fraction
of the spoil, would better utilize the spatial capacity of the spoil
ground, and Teave the spoil 1es§_susceptib1e to disturbance by currents

and by storms.

Site Capacity. The studies at the New Haven dump site define the

consequences of dumping 1.5 M éu. yd. of spoil. Determination of the capacity
of the site depends on relating these consequences to the amount of spoil.
dumped and the rate at which it is deposited. It also depends on the estab-
lishment of some criteria as to what conseaquences are acceptable and what
are nbt. An approach to the first part of this problem could be started
now by taking advantage not only of the data collected at the dump site
but also the extensive background studies which. have been completed. The
approach would have to be along tﬁe Tines of quantitative modeling of the
processes which have been identified as active at the dump site and its
environs. PresﬁmabTy, this would start with the simpler, better defined
proceéses of bed-load and suspended load transport of sediment by the tidal
stream and would proceed to the more complex issure such as the effects of
turbulence, storms, and benthic animals on the transport. It should also
be possible to model the principal chemical processes that have Seen
jdentified and the biological succession of animals living on the spoil.

- It is recommended that a quantitative evaluation of the capacity of

the New ilaven Dump Site be initiated along the lines outlined above.’
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A Report to the U.S. Army Corps of Engineers and the United Il]um1nat1nﬂ
Company on the Environmental Consequences of Dredge Spoil D1sposa1 in Central
Long Island Sound:

I. The New Haven Spoil Ground and New Haven Harbor

R. B. Gordon
D. C. Rhoads
Karl K. Turekian

October, 1972

IT. Benthic Biology of the New Haven Marbor Channel and Northwest Contro1
Site

0. C. Rhoads

February, 1973

ITI. Benthic Biology of the South Control Site, 1972

D. C. Rhoads

April, 1973

IV. The Effect of Environmental Perturbations on Benthic Communities: An
Experiment in Benthic Recolonization and Succession in Long Island Sound

J. B. Fisher
P, McCall

Mav, 1973

V. Benthic Biology of the Milford, Branford, and Guilford Dump Grounds

D. C. Rhoads

January, 1973

VI. Benthic Biology of the New Haven Dump S1te, South Control, and Northwest
Control Sites

D. €. Rhoads

January, 1973

VII. Benthic Biology of the New-Haven Ship Channel, Dump Site, South and
Northwest Control Sites, Summer 1973

D. C. Rhoads

October, 1973
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VI1I. Changes in spatial and temporal abundance patterns of benthic mollusco
sampled from New Haven Harbor, Dump Site, S. Control, M.HW. Control
Sites; 1972-73 (pre-dump baseline) = :

* b, C. Rheads

- March, 1974

IX. Benthic Biology of the MNew Haven Harbor Channel, MNew Haven Dump Site,
New South Control, and Northwest Control S1tes, Feb.-March 1974 (Durina
dredging and dumping operat1ons)

D. €. Rhoads

" August, 1974

X. Benthic Biology of the New Haven Harbor Channel, New Haven Dump Site,
New South Control, and Northwest Controil S1tes, July 1974 {Post-~
dredging and dumping)

D. C. Rhoads

September, 1974

Environmental Consequences of Dredge Spoil Disposal in Central Long
Island Sound: Geophysical Studies 1 October 1972 -~ 30 Sept. 1973

R. B. Gordon
Carol C. Pilbeam

January, 1974

?enth1c Samp11nq Guilford Harbor Dredging Project (Pre-dredging N, €. Rhoads July, 1973
Study : o
Surmary of Benthic Biological Sampling in Central Long Island Sound D. €. Rhoads 1974
and New Haven Harbor (prior to dredoing and dumpina) July 1972 - Auqust 1973
Final Report - The Effect of Substrate Perturbat1ons on Benthic Jd. B. Fisher 1974

Communities

Dispersion of Dredge Spoil Dumped in a Tidal Stream:. Observations
at the New Haven Dump Site

R. B. Gordon

December, 1972




